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SECTION A: MULTIPLE CHOICE 
USE THE ANSWER SHEET PROVIDED 

1. Which one of the following bonds is the most polar?

a. H—F
b. H—O

c. H—N
d. H—Cl

e. H—C

2. Which one of the following electron configurations is not possible?

a. 1s22s22p6

b. 1s22s22p53s1

c. 1s22s22p63s2

d. 1s22s13p1

e. 1s22s32p53s2

3. 2,4,6-Trinitrotoluene (TNT, C7H5N3O6) can be used in synthetic chemistry; however, its use is limited
because of its highly explosive nature. Upon detonation TNT decomposes as a mixture of the
following reactions:

2 C7H5N3O6→ 3 N2 + 5 H2O + 7 CO + 7 C 
2 C7H5N3O6 → 3 N2 + 5 H2 + 12 CO + 2 C 

When 20 mol of TNT was exploded with complete conversion into products, 30 mol of hydrogen gas 
was produced.  How many moles of carbon monoxide were also produced? 

a. 28 mol
b. 49 mol

c. 72 mol
d. 100 mol

e. 119 mol

4. Which one of the following compounds would produce a basic 0.1 mol L–1 solution?

a. NaC

b. NaOOCCH3

c NH4C

d. (NH4)2SO4

e. CH3COOH
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8. An accurate measurement of the mass of an unknown compound gave a result of 260.0429. What is 
the formula of the compound? 

Atomic masses:  C = 12.0000, H = 1.0078, N = 14.0030, O = 15.9949 

a. C13H8O6 

b. C12H8N2O5 
c. C8H8N2O8 

d. C9H14N3O6 

e. all of the above 

 
 

9. Why does the addition of a suitable catalyst to a system speed up the rate of reaction? 
a. It lowers the activation energy of the reaction.  

b. It lowers the amount of heat gained by the system.  
c. It lowers the amount of heat released by the system. 

d. It lowers the potential energy of the products. 
e. It lowers the potential energy of the reactants. 

 

 
10. Which one of the following acts as a base when hydrofluoric acid is dissolved in an aqueous solution 

of sodium chloride? 

a. C– 

b. HF 

c. H2O 

d. NaC 

e. Na+ 
 

 
11. Consider the following weak acids with their associated Ka values. 
 

Acid Ka 
HCO 3.5 × 10–8 
HCO2 1.2 × 10–2

 

HCN 6.2 × 10–10 

H2PO4
– 6.2 × 10–8 

 Which one of the following gives the correct order of increasing strength of the conjugate base of 
each acid? 

a. CO2
–, CO–, HPO4

2–, CN– 

b. CO2
–, HPO4

2–, CO–, CN– 

c. CN–, HPO4
2–, CO–, CO2

– 

d. CN–, CO–, HPO4
2–, CO2

– 

e. HPO4
2–, CN–, CO–, CO2

– 
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12. Which of the following statements best describes characteristics of an endothermic reaction? 

a. The sign of ΔH is positive, and the products have less potential energy than the reactants. 

b. The sign of ΔH is positive, and the products have more potential energy than the reactants. 

c. The sign of ΔH is negative, and the products have less potential energy than the reactants. 

d. The sign of ΔH is negative, and the products have more potential energy than the reactants. 

e. ΔH equals 0, and the products' and the reactants' potential energy could be more or less. 

 
13. Which one of the following best describes the molecular geometry (shape) of H2Te? 

a. bent 
b. linear 

c. square planar 
d. square pyramidal 

e. tetrahedral 
 

14. Which one of the following statements correctly describes a system that has reached equilibrium? 

a. The number of moles of product is greater than the number of moles of starting material. 
b. The number of moles of product is equal to the number of moles of starting material. 

c. The rate of the forward reaction is greater than the rate of the reverse reaction. 
d. The rate of the forward reaction is less than the rate of the reverse reaction. 

e. The rate of the forward reaction is equal to the rate of the reverse reaction. 
 

15. What brings about emission of visible and ultraviolet radiation from atoms? 
a. electrons changing from lower to higher energy levels 

b. the atoms condensing from a gas to a liquid or solid 
c. electrons moving about the atoms within an orbital 

d. electrons changing from higher to lower energy levels 
e. neutral atoms losing electrons to form anions 
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(b)  Write a half-equation for the oxidation of silver metal to silver chloride in the presence of chloride 
ions. 

 

 

 

A student is given a sample of hydrated ammonium molybdate by their teacher. The student is told 
that the formula of hydrated ammonium molybdate is of the form (NH4)6MoxOy.4H2O (where x and 
y are integers) and that molybdenum has a +VI oxidation state. To determine the values of x and y 
the student carries out the following steps: 
The student dissolves a sample (2.50 g) of the hydrated ammonium molybdate in a 250.0 mL 
volumetric flask and makes it up to the mark with distilled water. A 50.00 mL aliquot of this solution 
is diluted to 100 mL with 4 mol L–1 hydrochloric acid and heated to 80ºC. The hot solution is 
allowed to pass through a silver reductor and is collected in a 500 mL conical flask. The reductor is 
washed with hot hydrochloric acid several times to ensure that no molybdenum remains in the 
reductor column and these washings are also collected in the same 500 mL conical flask. 
Molybdenum(VI) is reduced to molybdenum(V) by the silver reductor. 

(c)  Write a redox equation for the reaction that takes place in the silver reductor. 

 

 

 

 

 

 

(d)  Why is it necessary to add hydrochloric acid to the molybdate solution? 

 

 

 

(e)  Why is the molybdate solution heated? 

 

 

 

The student notices that as the molybdate solution passes through the reductor, the upper part of the 
silver crystal column develops a dark coating. 

(f)  What causes the formation of the dark coating? 

 

 

 



Page 10 of 24 
2011 Chemistry National Qualifying Examination 

©Australian Science Innovations ABN 81731558309 

To determine the chemical amount of molybdenum present in the reduced molybdate solution the 
student titrates the reduced molybdate solution with a solution of cerium(IV) ions. Over the course of 
the titration cerium(IV) ions are reduced to cerium(III) ions and molybdenum(V) is oxidised to 
moybdenum(VI). A titre of 24.41 mL was required to reach endpoint using a cerium(IV) sulfate 
solution standardised at 0.1160 mol L–1. 

(g)  Calculate the chemical amount (in moles) of molybdenum in the original sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(h)  In terms of x and y, write an equation for the formula weight of hydrated ammonium molybdate 
[(NH4)6MoxOy.4H2O]. 

 

 

 

 

 

 

 

 

(i)  Determine the values for x and y and hence the formula for ammonium molybdate. 
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x:               

y:               
formula: 
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17. In this question, the elements with atomic numbers 1 to 20 have had their symbols replaced by letters 
A to T. The letters X, Y and Z represent three elements with atomic numbers greater than 20. Unless 
otherwise stated, a temperature of 25°C and 100 kPa is assumed throughout this question.  

Elements I, O and P are unreactive monatomic gases. O has the smallest atomic radius of the three, 
and I has a higher boiling point than P. 

(a)  Identify elements I, O and P. 

 

 

 

 

 

 

 

 

 

 

The following elements exist as diatomic molecules: E2, G2, J2, S2, Q2, Y2, Z2. 

Y2 is a liquid and Z2 is a solid; the other five being gases. 
 
S2 forms compounds with each of the other six diatomic elements. Compounds of S with E, G, Y 
and Z result in diatomic gases that react with the liquid S2Q to form acidic solutions. E has the 
highest electronegativity of these elements. The reaction of J2 and S2 is of immense industrial 
importance, the product being a gas that reacts with liquid S2Q to form a basic solution. 

(b)  Identify elements E, G, J, S, Q, Y and Z. 
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Elements D, H, L and R are metals that react vigorously with liquid S2Q to produce S2 and a basic 
solution. D reacts more vigorously than R. The ions formed from H and L in this reaction have the 
same electron configuration.  
 
1.00 g of element H reacts with excess S2Q to produce 0.3115 L S2 at 20.00°C and 100.0 kPa. 

(c)  Identify elements D, H, L and R. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Elements B, C and K are also metals. They do not react with cold S2Q but do react with Q2 to form 
BQ, C2Q3 and KQ respectively. Of these, KQ contains the largest percentage of Q by mass. 

(d)  Identify elements B, C and K. 

 

 

 

 

 

Elements A, F, M, N and T are solids at room temperature. 

M reacts with G2 to produce MG3 whereas A reacts with G2 to produce AG3 and AG5, depending on 
the conditions.  

F, T and N all react with react with Q2. Both FQ2 and NQ2 are gases that react with water to give 
acidic solutions; TQ2 on the other hand is a solid that is insoluble in water. FQ2 can further react with 
Q2 to form FQ3. 

(e)  Identify elements A, F, M, N and T. 
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10.00 g of an unknown metal, X, reacts completely with 3.335 L of Q2 gas to form a compound of X 
and Q. 10.00 g of the metal can react with 6.670 L of G2 to form a compound of X and G or with 
1.334 L of Q2 and 4.002 L of G2 to form a compound containing X, Q and G. Note that these gas 
volumes are all measured at 25°C and 100 kPa. 

(f)  Identify element X and calculate the empirical formula for these three compounds. 
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(f) (i) Suggest a molecular formula and draw the corresponding Lewis structure. 

 

 

 

 

 

 

 

 

 (ii) Determine the number of vibrational degrees of freedom for this molecule. 

 

 

 (iii) Describe/draw the vibrational modes corresponding to peaks A, B and C (labeled on the spectrum), 
explaining how you reached your answer.  

 

 

 

 

 

 

 

 

 

 

 

 (iv) Explain the appearance of the extra peak at approximately 1400 cm–1. 

 

 

 

 

 
 

The author thanks: 
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